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d
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Abstract: The complexity of the interaction network among the different actors involved in flood risk
management makes it difficult for risk managers to fully understand the different interconnections
among the key elements, i.e. actors, knowledge and tasks. Due to their limited understanding of the
network, the risk managers fail to strengthen the social capital embedded in the network, reducing its
role in supporting risk management. A method based on the integration between Organization Risk
Analysis and Participatory Network Mapping is described in this work. The method aims at enhancing
the risk managers’ understanding of the interaction network and, in doing so, at enabling the collective
decision-making process for the management of risk interaction network. The method has been
experimentally implemented for flood risk management in Lorca (Spain).
Keywords: Flood risk management, Social Network Analysis, Organization design.
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INTRODUCTION

The central premise of this work is that the resilience of urban systems to natural disasters relies on
the strong integration between “hard infrastructures” – i.e. lifelines – and “soft infrastructures”, that is,
the complex network of both formal and informal interactions among the variety of actors living and
acting within the urban system. Although less tangible than infrastructural networks, social networks
play several crucial roles during the different phases of the risk management. Firstly, the strength and
effectiveness of social networks influences the community’s ability to respond and recovery from
natural disasters (i.e. (Joshi & Aoki, 2014); (Islam & Walkerden, 2014)). In many cases, spontaneous
and informal networks operate more or less cooperatively with trained organizations during the
response phase (Vallance & Carlton, 2015). Many times people are rescued by the members of their
community before the arrival of the official responders. Secondly, the cultural aspect of the social
networks influences the effectiveness of warning and risk information sharing. It relates to the
legitimacy of sources and carriers of information. Emergency managers assume that the best way to
warn people is to provide “official” public information through the “official” media. Nevertheless, the key
steps in the process transforming the risk information and warning into actions – i.e. hears,
understands, believes, personalizes and decides – are mediated through social structures, rather than
through impersonal and official media. Neglecting the role of social network often leads to failures in
information sharing strategy.
There is growing awareness that, in order to effectively mobilize the social networks in case of
emergency, a deep understanding of the complexity, the ambiguity, and the dynamic nature of the
different social networks is required. Nevertheless, risk managers often neglect the role of the social
networks during emergency management or underestimate their complexity. They made simplistic
assumptions about the surrounding network – i.e. who is part of the network, what tasks the others
can perform in case of emergency, what information is available to everyone. The understanding of
the social network tends to be affected by cognitive biases. Emergency managers overestimate the
role of other actors with whom they already had interactions in the recent past, and ignore potential
surprises (Merz et al., 2015). The limited understanding of the complex interaction network negatively
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affects the emergency managers’ capabilities to strengthen the social capital embedded within the
network, making it suitable to enhance the risk management.
The main goal of this work is to demonstrate the feasibility of an integrated approach based on
organizational risk analysis and participatory network mapping to overcome the main barriers due to
the cognitive biases, allowing risk managers to fully comprehend the complexity of the network and, in
doing so, to increase its effectiveness in case of natural disaster. In particular, the network analysis
allows to structure roles, tasks and properties in information exchange among organizations involved
in a flood disaster (Leskens et al., 2014). The participatory mapping exercise allows to elicit and
structure the community’s perception of the network of interactions during flood emergency. The
developed method has been implemented to support flood risk management in Lorca (Spain).
2

MATERIALS AND METHODS

2.1

The case study: flash flood risk in Lorca

South - Eastern Spain is characterized by a high risk level associated to natural disasters (mainly
floods, but also droughts and earthquakes). More specifically, Lorca – Puerto Lumbreras area is one
of the more hazardous of the region, as proven by some major events (e.g. Puerto Lumbreras flood in
1973, Lorca earthquake in 2011 and St. Wenceslas Flood in 2012) which caused several fatalities and
damages to buildings and infrastructures (e.g. Puentes dam was destroyed twice by flooding).
Particularly, the floods typically occurring in the area may be really dangerous, due to their quick
onset: the flow rate can increase in minutes up to 2000 m3/s, conveying in two hours approximately
the same volume of water that is normally expected in a whole year.
Another key issue associated to the occurrence of flash floods is typically related to the existence of
horizontal and vertical interactions, mainly in terms of information exchange, between institutions and
communities. Previous experiences showed some bottlenecks in the ‘formal’ channels of information
and data sharing. In particular, the capability of the institutions to provide community with accessible
and understandable information on flood risk was strongly questioned. This work aims at analyzing the
weakness of the interaction networks through a participatory modelling exercise, and to suggest
potential improvements.
Name
Spanish meteorological Agency (AIMET)
Segura river basin authority
Murcia emergency management
Fire brigades
Military emergency unit (UME)
National civil protection
National Government
Municipality
Community leader
Community
Media
Other Municipalities
Local Police
Network managers
State police

Role
National technical support
Regional technical support
Local emergency management
Local operational team
National operational team
National EM
National coordination
Local emergency management
Information user
Information user
Information provider
Local emergency managers
Road functionality
Road functionality
National emergency unit

Abbrev.
N.WF
R.TS
L.EM1
L.OP1
N.OP
N.EM
N.GOV
L.EM2
CL
C
MC
L.EM3
L.OP2
R.OP2
N.OP3

Table 1. List of actors involved in the social network development process.
2.2

The Organizational Risk Analysis (ORA) for network analysis

The first phase of the method implementation concerned the analysis of the interaction network
involving the different institutional actors. To this aim, the Organizational Risk Analysis (ORA)
approach has been implemented (Carley, 2002). ORA is based on the assumption according to which
an organization could be conceived as a set of interlocked networks connecting entities such agents,
knowledge, tasks and resources (Carley, 2005). In order to implement this approach, we considered
the whole set of actors involved in flood risk management as one heterogeneous organization
(Leskens et al., 2014). The interlocked networks can be represented using the meta-matrix conceptual
framework, as shown in the following table:
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Agent

Knowledge

Tasks

Agent

Knowledge

Tasks

Social network: map of the
interactions among the different
institutional actors in the different
DRR phases.

Knowledge network: identifies
the relationships among actors
and information (Who does
manage which information? Who
does own which expertise?)
Information network: map the
connections among different
pieces of knowledge.

Assignment network: defines
the role played by each actor in
the DRR phases.

Knowledge requirements
network: identifies the
information used, or needed, to
perform a certain task in the
DRR.
Dependencies network:
identifies the work flow. (Which
tasks are related to which).

Table 2. Meta-matrix framework showing the connections among the key entities of social network
(adapted from (Carley, 2005)).
The meta-matrix framework allows to analyse the interaction network within the flood risk management
organization by reducing its complexity to the key elements – i.e. agent, knowledge and tasks –
without neglecting the role of the interconnections among those key elements.
Networks in the meta-matrix are based on individual semi-structured interviews involving the main
actors of the institutions being part of the flood risk management organization. Firstly, participants
were required to specify their roles within their own institutions and to describe the role played by the
institution during the flood emergency management. Secondly, the participants were asked to describe
with whom they communicate in order to perform their tasks and which information was important in
this communication. Finally, participants were asked to specify how the information was used to
perform the assigned tasks in the emergency management. In order to facilitate this process, three
groups of information were identified (Leskens et al., 2014):
 Technical information: It includes the physical aspects of floods, such as water depths, flow
velocities and derived estimations of damages and losses of life;
 Situational information: It covers the actual situation in the field, such as observed dam
breaks and inundation areas;
 Procedural information: It includes information about the tasks that need to be performed in
case of emergency.
The results of the interviews were used to structure the ‘Agent’ x ‘Agent’ matrix for the network
development.
A1
A2
A3
An
A1
0
W 12
W 13
W 1n
A2
W 21
0
W 23
W 2n
A3
W 31
W 32
0
W 3n
An
W n1
W n2
W n3
0
Table 3. Social network matrix.
W ij represents the strength of interaction between Ai and Aj and it belongs to [0, 10]. The weight was
defined according to the stakeholders’ opinion. They were required to indicate with whom they
interacted during the last flood episode, how frequently and how important the information gathered
was in o order to tale their decisions during the emergency. W ij = 0 means that there is no interaction.
Weights increase according to both the frequency of interaction and to its importance for the
emergency management. The matrix is not symmetric.
Similarly, the Agent x Knowledge matrix was developed referring to the participants opinion.
I1
I2
I3
In
A1
K11
K12
K13
K1n
A2
K21
K22
K23
K2n
A3
K31
K32
K33
K3n
An
Kn1
Kn2
Kn3
K44
Table 4. Knowledge network matrix.
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This matrix represents the connection between the actors and the different piece of knowledge. The
weights Kij were assigned accounting for the participants’ opinions about how important is the
considered piece of knowledge for them.
The ORA® software was used to develop the social network and the knowledge network starting from
the matrices (Carley, 2002). Similar processes were implemented to develop the remaining matrixes
and, then, the networks.
2.3

Participatory network mapping

This phase was meant to involve members of the local communities in a participatory modelling
exercise, aiming at eliciting and structuring the community’s perception about the interaction network
for flood risk management. The idea behind the participatory process of visual network data collection
by drawing networks with the interviewees was to facilitate the exploration of networks and their
associated meanings (e.g. (Schiffer & Hauck, 2010). The community was at the centre of the map and
the exercise was designed to facilitate the discussion about the class of interactions that take place
during the last flood event within the community and between it and the institutions, encouraging the
discussion on the process. There are multiple methods to obtain the social networks data; commonly,
each actor in the network of N individuals is provided with a list of all other people in the network and
asked to indicate with whom they interact, through individual or group interviews. These descriptions
or “network narratives” provide insights into the perception that actors attribute to the structure of
social interaction (Fuhse & Mützel, 2011).
To this aim, the workshop was structured in three consequential phases. In the first phase,
participants were required to provide their individual inputs about the people and/or organizations with
whom they interacted during the latest flood event. To facilitate the pen-and-paper–based network
mapping, a set of icons representing the main actors, both institutional and part of the community, was
created (figure 1).

Figure 1. Icons representing the actors involved in flood emergency management.
In the second phase, participants were required to draw arrows linking the community and the
selected icons, explaining the direction of the interaction – i.e. from community to institutions; from
institutions to community and bidirectional – and the class of information shared during these
interactions. Participants were also required to assign a degree of importance to each interaction
(figure 2). A debate was carried out among participants in order to facilitate the synthesis among the
different points of view.

Figure 2. Participatory mapping network process.
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Finally, participants were also asked to describe their opinions about the main limits of the current
flood risk management interaction network. In order to facilitate the analysis of the results, participants
were required to provide their inputs in written form, and to locate the described limit on the interested
links on the map. Individual inputs were clustered and discussed with the participants.
2.4

Integration of the network and analysis

The networks developed during the interaction with the institutions were validated by the participants
and, then, integrated with the community interactions map. The analysis of the differences between
the two maps demonstrated that the institutional actors gave a great importance to the “formal”
interactions within the institutional system, neglecting the role of the informal network with the
community. Conversely, the community’s map was mainly showing informal interactions. The
integration between the two maps was carried out interacting with the involved stakeholders.
The obtained networks were used to identify the key elements of the social network and to analyse its
main weakness. To this aim, the following network measures were implemented.
Network
Agent x
Agent

Network measure
Total degree
Centrality

Assessment
Those who are ranked high on
this metrics have more
connections to others in the
same network.

Betweenness
centrality

The betweenness centrality of
node v in a network is defined
as: across all node pairs that
have a shortest path
containing v, the percentage
that pass through v.
Assess the number of links
between a certain agent and
the different pieces of
knowledge in the network.
Assess the number of links
between a certain agent and
the different task that need to
be carried out in case of
emergency.
It calculates the importance of
a certain piece of information
according to the number of
connected links.
Closeness is the inverse of
the sum of distances in the
network from a node to all
other nodes.
Assess the number of links
between a certain piece of
knowledge and the different
task that need to be carried
out in case of emergency.

Agent x
Knowledge

Most knowledge

Agent x Task

Most task

Knowledge x
Knowledge

Total degree of
centrality

Closeness centrality

Knowledge x
Task

Most task

Task x Task

Total degree
centrality

of

It analyses the complexity of
the connections within the
task X task network.

Meaning in DRR
Individuals or organizations who are
'in the know' are those who are linked
to many others and so, by virtue of
their position have access to the
ideas, thoughts, beliefs of many
others.
Individuals or organizations that are
potentially influential are positioned to
broker connections between groups
and to bring to bear the influence of
one group on another or serve as a
gatekeeper between groups.
An agent with a high value of most
knowledge has access to a great
variety of knowledge to be used in
case of disaster.
An agent with a high degree of most
task plays a crucial role in the network
due to her/his capability in performing
different tasks.
The most central pieces of knowledge
are those whose availability is crucial
to make the other pieces of
knowledge accessible.
The closeness centrality measure
allows us to identify the information
that could facilitate the process of
information sharing.
The pieces of knowledge with a high
value for this measure are
fundamental for the effectiveness of
the network, since without them a high
number of tasks will be not carried
out.
Tasks with high degree of centrality
are those that have to be carried out
in order to allow the executions of the
other tasks.

Table 5. Network measures.
3

RESULTS

The integrated social network is shown in figure 3.
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Figure 3. Integrated social network of the Lorca flood risk management (ORA® interface).
The figure demonstrates the complexity of the interactions among the different key elements of the
network, i.e. actors, knowledge and tasks. Notwithstanding such complexity, the network analysis
through the graph theory measures allows to draw important, although preliminary, conclusions about
the weakest point of the network.
The key agent analysis shows the crucial role that could be played by the leaders of the community
(leaders of the neighbourhoods and leaders of the immigrant groups), due to the intensity of their
relational network (high degree of total centrality). This is mainly because they have very good
connections with their own community, and frequent, although informal, interactions with most of the
local institutions. Moreover, community leaders could act as information brokers because of the high
betweenness centrality. Therefore, they could easily transfer information from one part of the network
to the other. Nevertheless, community leaders have a very limited access to the crucial information –
low degree of most knowledge analysis. This is mainly due to the fact that community leaders are not
part of the protocol for information exchange in case of flood emergency. As a result, they cannot act
as information brokers toward the community, drastically reducing the community’s accessibility to
crucial information in case of risk.
Similarly, the Municipality represents a weak point in the network. Several measures (e.g. betwenness
centrality) show how the municipality could act as an interface between different actors in the flood risk
management organization, and particularly between the technical dimension (i.e. emergency
management) and the community. Nevertheless, the relatively low level of access to crucial
information (low degree of most knowledge analysis) demonstrates the very limited capability of the
municipality to act as a leader in the emergency management phase. Although the municipality is
integrated in the information sharing protocols, it seems not capable to fully comprehend most of the
technical information.
The key knowledge analysis allowed us to identify vulnerability elements related to the connections
between knowledge and actors, and between knowledge and tasks. As discussed in the scientific
literature, an organization could be vulnerable if crucial knowledge is held by very few agents.
Moreover, an organization is exposed to failures if the amount of knowledge required to perform the
tasks is not coherent with the knowledge brought by the different actors (knowledge congruence).
From the practical point of view, the knowledge congruence is measured as similarity between what
knowledge are assigned to tasks via agents, and what knowledge are required to do tasks. Perfect
congruence (the max value is 1) occurs when agents have access to knowledge when and only when
it is needful to complete tasks. In the Lorca flood risk management meta-network, the knowledge
congruence is equal to 0.486, which is rather low.
The main elements of vulnerabilities due to the knowledge structure are related to the importance of
the technical information. The different kinds of technical information are characterized by high degree
of centrality (closeness and hub centrality). Nevertheless, these kinds of information have a very low
degree of sharing (low level of connections with the agents – the most agent analysis). This means
that a very limited number of agents have access to this crucial information. This represents a cause
of vulnerability of the organization. This is also confirmed by the most task analysis, that is, the
analysis of the connections between knowledge and tasks. According to this analysis, the technical
information is crucial to allow the performing of several tasks. Nevertheless, this information is held
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exclusively by one institutional agent, i.e. the Segura River Basin Authority. This represents an
important cause of vulnerability.
Finally, some elements of vulnerability can be identified in the task network. The centrality degree
highlights the importance of the task “situational information collection”, which is crucial to perform
other important tasks. Although its importance, the current flood risk management organization does
not have a structured tool to collect, analyse, synthesise this information, making it available to
support the other tasks. This is a crucial element of vulnerability.
4

DISCUSSION

The results of the analysis of the social network were then presented and discussed with the
institutions involved in flood risk management. A workshop was organized in Murcia, the capital of the
region in which Lorca is located. The aims of the workshop were to increase the institutional
awareness about the complexity of the interaction network for flood risk management, and to facilitate
the debate among the institutions in order to find potential solutions to overcome the main network
vulnerabilities. Although the workshop was the first step of the collective decision-making process for
the development of an innovative information sharing strategy, some preliminary conclusions can be
drawn concerning the feasibility of the proposed method to facilitate the enhancement of the social
network for supporting flood risk management.
During the different phases of the method implementation, participants become aware of the
complexity of the interaction space in which they have to operate in case of flood emergency. In
particular, they started discussing about the importance of the information sharing process to support
the whole risk management strategy. The analysis of the network allowed them to better understand
how the lack of an information could propagate in the network affecting the others’ task effectiveness.
Several kinds of information were shared among the institutions informally, that is, on personal basis.
E.g. the river flow forecasting is not officially shared among the different institutions, even if it supports
a wide range of crucial tasks. The Knowledge x Task network showed the importance of this
information and how different tasks cannot be carried out without it. In order to reduce this risk,
participants become aware that a formal protocol of information sharing is needed.

Figure 4. Knowledge x Task network (ORA® interface).
The network analysis allowed also to highlight the role that the community leaders could play in
facilitating the sharing of the flood risk information. They can act as information brokers, facilitating the
transfer of the information from one side to other of the network. Particularly, community leaders could
be trained by local institutions in order to enhance the comprehensibility of flood risk information and,
thus, to increase the speed of information sharing within their communities. The participants started
discussing about the design of innovative multi-level information sharing system, based on mobile
app, in which the community leaders will act as interface between the institutional system and the
community. These actions will be implemented in the next phases of the activities in Lorca.
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5

CONCLUSIONS

This work aims at demonstrating the suitability of the described method, based on the integration
between organizational risk analysis and participatory network mapping, to support the enhancement
of flood risk management through the strengthen of the social capital in case of emergency. The
preliminary results of the experiences carried out in Lorca (Spain) showed the great potentialities of
this approach in supporting the analysis of the interactional network in case of bounded organization,
i.e. set of institutions. In particular, the capability of the method to make clear the interconnectedness
among the different roles and responsibilities, and to highlight weakness in the network were important
to support the debate among the different participants. Nevertheless, the amount of input information
required makes it not easily implementable to analyse the interactions in case of unbounded
organization, such us the whole community.
The results of the network analysis will be used as basis for the collaborative design process whose
main goals will be to enhance the information sharing process among the institutions and between
them and the community. Besides, the community leaders and the media experts of the different
institutions will be involved in a livinglab aiming at developing, testing and implementing an innovative
technology for flood risk information sharing.
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